Abstract. The photophysical properties of samarium ion in presence of 7-Acetoxy Coumarin 3-Carboxylic acid (ACC) or 1-(4-methoxyphenyl) 3-(4-t-butyl phenyl) 1,3-propandione (MBPK), which act as antenna of near-UV radiation, are studied in different homogeneous, and heterogeneous media as well as in rigid polymethylmethacrylate matrix (PMMA). High quantum yield value of the sensitized emission of (Sm 3+ -(ACC)) and (Sm 3+ -(MBPK)) in N,N-dimethylformamide and PMMA matrix are obtained pointing to an efficient ligandto-metal energy transfer. Moreover, luminescence mappings for pattern recognition analysis that could be profitably exploited as a useful identification method in clinical chemistry and biochemistry have been obtained from which the nature of the solvent and/or the ligand is clearly identified by inspection of the corresponding excitation/emission matrix maps.
INTRODUCTION
The importance of energy transfer processes in solution of lanthanide complexes increases due to their potential applications in luminescence assays for biochemistry, liquid lasers, and electroluminescence and telecommunication devices as well as for trace determination of lanthanide ions [1] [2] [3] .
The phenomena of energy transfer from ligand to lanthanide ions result, consequently, in a great enhancement of lanthanide ion luminescence (ligand sensitized luminescence) [4] [5] [6] [7] . Lanthanide ions are chelated with ligands that have intense absorption bands in the UV region. In these systems, intense ion luminescence originates from the intramolecular energy transfer through the excited state of the ligand to the emitting level of the lanthanide ion. Lehn [8] named this phenomenon the "antenna effect" and proposed that such complexes could be seen as light conversion molecular devices because they are able to transform light absorbed by ligand into emitted light by the ion via an intramolecular energy transfer.
The chelate serves several purposes: it provides a scaffold for covalently attaching the antenna in close proximity to the lanthanide facilitating the transfer of energy from the antenna to lanthanide; it displaces water from the primary coordination sphere of lanthanide, which would otherwise quench the lanthanide luminescence [9, 10] . The low energy excited states responsible for near-IR region (NIR) emission are easily quenched by nearby O-H, N-H and C-H oscillators of the solvent, play an important role in nonradiative energy dissipation from the lanthanide excited state [11] .
The two most useful lanthanides, europium and terbium, have unusual spectroscopic characteristics, including millisecond lifetime, sharply spiked (few † E-mail: solar@link.net nm) emission spectra, and large (> 150 nm) Stokes' shifts [12, 13] . Europium and terbium ions are used as structural and analytical luminescent probes and stains for bimolecular systems [2] . These probes are of considerable interest in clinical diagnostics, fluoroimmunoassays, life-sciences, drug-screening assays and show considerable promise in luminescence imaging and as sensors for certain bioactive ions [14] [15] [16] .
In this article, the photophysical properties of the sensitized luminescence emission of samarium ion induced by the antenna chromophores, namely 7-Acetoxy Coumarin 3-Carboxylic acid (ACC) and 1-(4-methoxyphenyl) 3-(4-t-butyl phenyl) 1,3 propandione (MBPK) in different solvents, mixed solvent of methanol/N,N-dimethylformamide, microheterogenous media and rigid media of polymethylmethacrylate matrix (PMMA) are studied and discussed. The luminescence quenching efficiency is evaluated by Stern-Volmer constant (K SV ) in methanol/N,Ndimethylformamide mixed solvent. This will provide information about the mechanism of energy transfer. Moreover, luminescence mappings for pattern recognition analysis will be obtained and discussed.
EXPERIMENTAL
Samarium (III) chloride anhydrous (Aldrich, 99.99%) was used as received and 7-Acetoxy Coumarin 3-Carboxylic acid (ACC) and 1-(4-methoxyphenyl) 3-(4-t-butyl phenyl) 1,3 propandione (MBPK) were of high Vol. 07 purity grade and were used as received. Sm 3+ -(ACC) and Sm 3+ -(MBPK) complexes were prepared in different solvents. Pure grade solvents were used, and Polymethylmethacrylate (PMMA) were used as received. PMMA matrix was prepared by dissolving appropriate amount of PMMA in chloroform (8 gm PMMA/50 ml CHCl 3 ) at 30 • C with vigorous stirring for 15 mins. Sm 3+ -(ACC) and Sm 3+ -(MBPK) complexes were incorporated into the PMMA matrix at 30 • C under vigorous stirring for 15 mins. PMMA thin film was prepared, the thickness of the film was measured using micrometer and it was found to be 0.33 mm.
Absorption spectra were recorded on Heλios Unicam spectrophotometer. A Shimadzu RF-5301 PC Spectrofluorophotometer was used to record the emission spectra.
Luminescence quantum yield (Φ) was evaluated using the following equation (1) [6] :
Where r and u stand for reference and unknown, respectively, A is the absorbance of the exciting wavelength, F is the area under the emission spectrum, n is the solvent refractive index and Φ r is the reference quantum yield (Φ r = 1 for Rhodamine 101 in ETOH).
RESULTS AND DISCUSSIONS
3.1. Absorption spectra. The absorption spectra of ACC (9 µM) and MBPK (30 µM) in methanol show intense broad bands in the UV region attributed to π − π * transitions in ACC and MBPK. Figure 1 shows the UV spectrum of ACC in ethanol and similar spectrum was observed for MBPK. These absorption bands upon formation of Sm 3+ -(ACC) and Sm 3+ -(MBPK) complexes are shifted to lower energy, as often observed during complexation of heteroaromatic systems with lanthanide cations [16] (Figure 1 curve 2). The same behavior is obtained in case of other solvents, in mixed solvents methanol/N,N-dimethylformamide and in viscous or polymeric matrix of PMMA. Moreover, lanthanide ions do not contribute to the spectra of their complexes since f-f transitions are Laporte-forbidden and very weak (molar absorptivity coefficients of the order of only 0.5-3.0 M −1 cm −1 ) [17] . On the other hand, charge-transfer bands involving lanthanide orbitals are also typically not observed in the near-UV and spectral regions [18] . Hence the absorption bands of samarium complexes in different solvents as well as in viscous or polymeric media are completely attributable to the ligand-centered (LC) transitions, although with respect to the corresponding free ligand, some perturbation is observable upon complexation [7] .
Metal-centered photophysical properties.
The luminescence of Ln 3+ -complexes upon excitation The emission bands of samarium remain narrow even in an organic polymeric matrix and in solution due to the fact that the partially filled 4f orbitals are shielded from the environment by the filled 5s and 5p orbitals. Similar results are obtained in case of the other solvents.
In the case of samarium metal ion, the intensity, splitting and energy of the luminescence bands as well as the relative intensities of the different bands are very sensitive to the symmetry and the detailed nature of the ligand environment; Figure 2 [ The same behavior is obtained in case of ACC, and emission intensity ratio I( 6 H 7/2 )/I( 6 H 9/2 ) of each Sm 3+ -(ACC) and Sm 3+ -(MBPK) in different solvents (λ ex = 365 nm) is reported in Table 1 .
To have a more quantitative measure of the strength of the formed complexes, we applied Benesi and Hildebrand equation [23] (2),
A obs : The absorbance of the antenna solution containing different concentrations of samarium ion A 0 : The absorbance of antenna A c : The absorbance of the complex {Sm 3+ -antenna} The spectrophotometrically determined formation constants are listed in and 4). It is clear that strong complexes are formed and the data shows that K(Sm 3+ -(ACC)) is larger than K(Sm 3+ -(MBPK)). This is reflected in the quantum yields of the sensitized emission of Sm 3+ -(ACC) and Sm 3+ -(MBPK) in dimethylformamide aerated solutions, which are given in Table 3 . Data in Table 2 is consistent with data of [11, 24, 25] . Complete quenching of the sensitized luminescence of Sm 3+ -(ACC) and Sm 3+ -(MBPK) observed in water and low quantum yield values are obtained in alcoholic solvents (Table 3) . Consequently, the energy of the excited ligand state being transferred onto the metal ion, but the energy is then partially or completely dissipated through nonradiative processes via vibronic coupling with the O-H [11] (ν sym = 3500 cm −1 ) oscillators of water and alcohols.
In case of Sm 3+ -(MBPK) in 1,4-dioxane and Sm 3+ -(ACC) in ethylacetate also complete quenching is Vol. 07 observed (quantum yield values 0) and weak luminescence is observed in acetone for both ligands. These results may indicate that the energy transfer does occur from the ligand to the Sm 3+ ion, but the energy is then dissipated through nonradiative processes from ligand to the solvent [22] .
The C=O (ν C=O = 1700 cm −1 ) or C-H (ν sym = 2900 cm −1 ) groups quench the excited state in a manner similar to that of coordinated azide ion [27] . However, even in 1,4-dioxane a solvent that is known to effectively displace water and alcohol molecules from the inner coordination sphere of the lanthanide ion [19] , the Sm 3+ -(MBPK) studied show no luminescence efficiency indicating that excited ligand is quenched by the vibrations of C-H of 1,4-dioxane.
In general, higher quantum yield values are obtained for (Sm 3+ -(ACC)) ( Table 3) in almost all solvents indicating a high efficiency of the ligand-metal energy transfer for this chromophore.
Effect of mixed solvent
The sensitized luminescence emission spectrum of Sm 3+ in presence of MBPK (30 µM) in DMF at various methanol concentrations is shown in Figure 5 . methanol to DMF solutions of (Sm 3+ -(ACC)) and (Sm 3+ -(MBPK)) quenched the sensitized Sm 3+ luminescence intensity upon excitation at (λ ex = 365 nm). These results are a consequence of the large nonradiative deactivation effects of the O-H oscillators of the methanol molecules [11] , which interact with the first and second coordination sphere of Sm 3+ . The luminescence quenching efficiency is evaluated by Stern-Volmer constant (K SV ). Quenching plots are constructed according to the following Stern-Volmer equation (3) [27] :
where F 0 and F are the luminescent intensity in absence and presence of quencher, respectively, K SV is the Stern-Volmer constant and [Q] is the quencher concentration, The linear plot of Figure 5 ), indicates that luminescence quenching is dynamic in nature. From the slope of the fitted data the Stern-Volmer constants K SV can be calculated (Table 4) . Moreover, an apparent critical concentration [C 01/2 ] for luminescence quenching can be experimentally determined. This parameter is defined as the acceptor concentration at which the luminescence quantum yield of the donor is reduced to 0.5 Φ 0 [28] , eq. (4) C 01/2 = 1/K sv (4) The corresponding apparent critical radius [29] (R 0 ) can also be calculated from eq. (5):
The calculated critical concentrations and the corresponding critical radii calculated by eqs. (4) and (5) are listed in Table 4 .
Since the calculated critical radii R 0 < 10 A • , it could be concluded that the quenching process is of the exchange type (i.e., Dexter type), which requires direct contact of donor and acceptor. The enhancement of the sensitized luminescence quantum yields of Sm 3+ observed in PMMA matrix for both ligands (Table 5) ligand around Sm 3+ ion and as a result the luminescence intensity and quantum yield are increased in the rigid medium.
Mapping as fingerprint.
A three dimensional plot could be exploited profitably as a powerful analytical tool and is required for a complete description of the luminescence, which are given in Figures 6, 8 , and 10. It may be represented as the so-called excitation/emission matrix [30, 31] . Furthermore, connection of data points with the same luminescence intensity (i.e., same height) by lines results in tomograms of two-dimensional representation (luminescence mapping). Such diagrams always represent a top view [31] as in Figures 7, 9 , and 11.
This method seems to be useful as a qualitative identification tool. In particular, the location and relative intensity of peaks are suitable parameters for pattern recognition analysis as well as a useful identification method in clinical chemistry and biochemistry [32] [33] [34] [35] . The nature of the solvent and the ligand is clearly identified by inspection of the corresponding excitation/emission matrix maps in Figures 7,  9 , and 11.
CONCLUSIONS
We have shown that the photophysical properties of samarium ion in presence of ACC or MBPK antenna molecules are sensitive to the nature of the medium whether it is homogeneous, heterogeneous or rigid PMMA. High quantum yield value of the sensitized emission of (Sm 3+ -(ACC)) and (Sm 3+ -(MBPK)) in N,Ndimethylformamide and PMMA matrix are obtained pointing to an efficient ligand-to-metal energy transfer. Low luminescence intensity observed in case of protic solvents are due to radiationless energy dissipation via vibronic coupling with the O-H oscillators of water and alcohols. The determined 1 : 1 complex formation constant shows that K(Sm 3+ -(ACC)) > K(Sm 3+ -(MBPK)), which explains the obtained high quantum yield value for Sm 3+ -(ACC) indicating more efficient ligand-metal energy transfer for this chromophore. Moreover, luminescence mappings for pattern recognition analysis that could be profitably exploited as a useful identification method in clinical chemistry and biochemistry have been obtained from which the nature of the solvent and/or the ligand is clearly identified by inspection of the corresponding excitation/emission matrix maps.
